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PROCESS FOR THE SEPARATION OF THE WATER PRODUCED IN THE 
CATALYTIC OXIDATION OF AROMATIC HYDROCARBONS TO POLYCAR- 
BOXYLIC AROMATIC ACIDS 

10 The present invention relates to a process for the 

production of polycarboxylic aromatic acids with particu- 
lar reference to the separation step from the reaction 
medium of water, which is the by-product, and recovery of 
the reaction solvent to be recycled • 

15 In the petrochemical industry, polycarboxylic aro- 

matic acids form a class of intermediate compounds of 
considerable importance for the production of plastic ma- 
terials and resins with high chemical and mechanical 
characteristics, high-quality synthetic fibers for tech- 

20 nical articles, furnishing and clothing, as well as for 
the production of additives and behavioural products, 
such as, for example, plasticizers, additives for lubri- 
cants, dyes, pharmaceutical products and cosmetics • 

This class of polycarboxylic aromatic acids in- 

25 eludes, inter alia, terephthalic acid which is industri- 
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ally obtained from the oxidation of para-xylene, isoph- 
thalic acid from the oxidation of meta-xylene, or- 
thophthalic acid from the oxidation of ortho-xylene, 
trimellitic anhydride from the oxidation of pseudo-cumene 
5 and so on for homologous products such as mesitylene and 
durene . 

The oxidation reaction of aromatic hydrocarbons is 
normally carried out in these processes, according to the 
most recent and commercially successful technologies, by 

10 catalytic oxidation with atmospheric oxygen, in liquid 
phase and with homogeneous catalysts, using acetic acid 
as reaction medium- For example, with reference to the 
production of terephthalic acid from para-xylene, the re- 
action takes place as follows: 

15 H 3 C^— yCH 3 + 30 2 = HOOC ^-^COOH + 2H 2 0 

(air) 

As can be easily observed, for each mole of tereph- 
thalic acid, which is the desired product, two moles of 
water are also obtained as by-product, and these must be 

20 separated and suitably disposed of, whereas the acetic 
acid, which represents the reaction medium, is recovered 
according to specification and recycled to the reaction. 
The technical problem to be solved with the present in- 
vention therefore relates to the separation and disposal 

25 of the water by-product. 
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In order to better illustrate the technical problem 
faced with the process according to the invention, in the 
following description reference is made to the oxidation 
reaction of para-xylene to produce terephthalic acid, 

5 which represents a typical and commercially important 
case; it should be explicitly pointed out however that 
the process for the treatment of the reaction product to 
separate water and recycle acetic acid, can be advanta- 
geously used in oxidation reactions of other aromatic hy- 

10 drocarbons, effected with the same method, i.e. carried 
out in liquid acetic acid as reaction medium. In order to 
expound the technical problems faced and the advantages 
of the process according to the present invention, figure 
1 illustrates the overall process scheme for the produc- 

15 tion of terephthalic acid from para-xylene, which com- 
prises a reaction section, a product recovery and purifi- 
cation section and a treatment and recovery section of 
acetic acid, separating and discharging the water pro- 
duced in the reaction. 

20 In general, the production of aromatic acids is 

based, as already mentioned, on the oxidation of the cor- 
responding alkyl aromatic compounds with gaseous oxygen, 
using air as the preferred source of oxygen, in the pres- 
ence of a homogeneous catalyst. For example, patent ap- 

25 plication WO 98/2937 8 describes and claims an oxidation 
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process of this type, with a catalytic system operating 
in a liquid/ homogeneous phase. 

The oxidation reaction proceeds from left to right , 
also favoured by the fact that polycarboxylic aromatic 

5 acid normally has a low solubility in acetic acid- The 
polycarboxylic aromatic acid can therefore be easily 
separated from the reaction medium by the conventional 
liquid/solid separation means, such as filtration and 
centrifugation. The heat developed by the reaction is 

10 discharged by partial evaporation of the reaction medium, 
which is specifically aqueous acetic acid- This is the 
technique which is most widely-used in the most recent 
industrial plants, due to its economical and plant- 
engineering advantages. 

15 It is immediately evident that water, the by-product 

which is to be separated and disposed of, is more vola- 
tile than acetic acid and therefore passes more easily 
into vapour phase! . The vapour developing from the reac- 
tion medium is consequently richer in water than the ace- 

20 tic acid solution in which the reaction takes place and 
from which it is released by evaporation. In industrial 
practice, the oxidation reactor operates under tempera- 
ture and pressure conditions which maintain it under sta- 
tionary conditions, whereas the reaction water is dis- 

25 charged from the reactor as vapour, together with the 
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acetic acid corresponding to the thermodynamic equilib- 
rium- The gaseous phase developing from the reactor also 
contains the incondensable phase consisting of the ex- 
hausted air. 

5 The block scheme of figure 1 illustrates the general 

oxidation process with air of alkyl aromatic hydrocar- 
bons, with particular reference, for the sake of conven- 
ience, to the case of terephthalic acid. 

Para-xylene, air and the oxidation catalyst are fed 

10 into the reactor A, through line a, line b and line c, 
respectively. The acetic acid separated from the water 
produced in the reaction, also returns to the reactor A 
through line d, as well as the mother liquor resulting 
from the separation of terephthalic acid, through line e. 

15 The reaction conditions vary according to the cata- 

lytic system used and, generally speaking, temperatures 
within the range of 115-220°C and relative pressures of 
2-25 bar (0.2-2.5 Mpascal) , are adopted. The water . con- 
tent in the reaction medium is maintained within the 

20 range of 3-10% by weight with respect to the acetic acid. 

In general, the reaction product, the raw tereph- 
thalic acid, is extracted in continuous, as a suspension 
at 15-25% by weight, from the reactor A through line f 
and sent to the separation unit B, from which a residue 

25 of raw terephthalic acid is obtained, to be sent, by 
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means of line m, to the subsequent steps, not shown in 
the figure, for the final purification. The mother liquor 
is recovered from unit B, and essentially consists of a 
catalyst solution in acetic acid and the intermediate 
5 oxidation products, such as p-toluic acid and 4- 
carboxybenzaldehyde, which is recycled to the reaction 
through line e. 

The exhausted air is discharged from the reactor A 
through line g and is saturated with acetic acid and wa- 

10 ter, thus removing both the reaction heat and the whole 
water formed during the partial oxidation of p-xylene to 
terephthalic acid. This stream is sent to the condenser 
E, which separates a liquid phase of aqueous acetic acid 
from the exhausted air, which is discharged through line 

15 h and undergoes suitable abatement operations, not shown 
in the figure, to allow it to be discharged into the at- 
mosphere according to the regulations. 

The water/acetic acid solution is sent, through line 
i, to the separation plant F in which the water, produced 

20 in the reaction and to be disposed of, is separated from 
the dehydrated acetic acid which must be recycled. The 
stream of line i fed to the dehydration unit F has a wa- 
ter content ranging from 7 to 30% by weight, according to 
the oxidation process carried out in the reactor A. 

25 The separation plant F has the function of separat- 
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ing the amount of water produced in the reaction in unit 
A, discharging it with a very low amount of acetic acid, 
typically lower than 2000 ppm, in order to reduce the re- 
integration cost of the latter. The purified water is 
5 sent/ through line 1, to the final decontaminating treat- 
ment, not shown in the figure. The amount of water al- 
lowed in the acetic acid recycled from unit F to the re- 
actor A through line d must not exceed 2-4% by weight. 

The present invention specifically relates to the 

10 separation section F of the water by-produced and the re- 
cycling of the acetic acid, by processing the stream of 
line i of the scheme of figure 1 and returning the acetic 
acid dehydrated up to 2-4% through line d. 

A substantial stream of aqueous acetic acid, at a 

15 flow rate in the order of hundreds of cubic meters per 
day, with a water content ranging from 7 to 30% by 
weight, more often about 10%, consequently reaches sec- 
tion F for the recovery of the acetic acid and separation 
of the water by-produced. The separation of the acetic 

20 acid from the reaction water proves to be intrinsically 
extremely onerous for the following reasons. 

The thermodynamic characteristics of. the wa- 
ter/acetic acid binary system, relating to their liq- 
uid/vapour equilibrium, are such as to require high heat 

25 and refrigeration consumptions in order to separate, by 
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distillation the two substances with an acceptable de- 
gree of purity. If it is considered the liquid-vapour 
equilibrium curve of this binary system, their relative 
volatility value has a very unfavourable trend. The rela- 
5 tive volatility, as is known, expresses the easiness, or 
difficulty, in separating two substances by distillation: 

the relative volatility a X2 of two compounds having in- 
dexes 1 and 2, expresses the ratio yi x 2 / Xi y 2 wherein: 
yi is the concentration of 1 in vapour phase 
10 • x 2 is the concentration of 2 in liquid phase 

Xi is the concentration of 1 in liquid phase 
y 2 is the concentration of 1 in vapour phaise 
The volatility a 12 of water (suffix 1) with respect to 
the acetic acid (suffix 2), under the approximately at- 
15 mospheric pressure conditions normally adopted, has a 
value of approx. 2 when the water concentration is low, 
it then drops to 1.6-5-1.7 within the range of 94-95% molar 
of water, and subsequently tends to be 1 when the concen- 
tration is close to 100% of water. With these trends of 
20 the relative volatility, it is relatively easy to obtain 
acetic acid, at the bottom of the distillation column, at 
a purity degree acceptable for being recycled to the oxi- 
dation step of p-xylene. It is, on the contrary, ex- 
tremely onerous to obtain, at the head of the distilla- 
25 tion column, water with an acetic acid content corre- 

8 
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sponding to the environmental specifications in force 
and, in any case, for the process economy, it is neces- 
sary to reduce the reintegration of acetic acid to the 
minimum, due to the losses in the resulting water. The 
5 presence of the acetic ion, moreover, in the resulting 
water requires costly purifications before being dis- 
charged into the environment. 

For these two reasons, the purity degree of the water 
obtained by distillation of the acetic acid/water solu- 

10 tion must be very high and close to 100%, thus requiring 
a large number of separation steps, or "equivalent" trays 
in the column, and a high reflux at the head, thus re- 
quiring a large consumption of vapour in the bottom re- 
boiler and refrigeration in the head condenser. This 

15 situation has stimulated research for more sophisticated 
separation processes with respect to conventional distil- 
lation, in order to limit energy consumption. 

One of the alternative treatment techniques proposed 
in the state of the art is azeotropic distillation, us- 

20 ing, for example, isobutyl acetate as third component. 
Liquid-liquid extraction is another technique proposed, 
adopting a solvent having a low solubility with water. 
This technology can obtain water purified from- acetic 
acid, but it is extremely difficult to obtain, on the 

25 other side, an acetic acid with a low water content, 



9 



WO 2004/002933 



PCT/EP2003/005786 



which can be recycled directly to the reaction. According 
to the known technique, resort must therefore be made to 
costly and sophisticated solvents, such as alkyd deriva- 
tives of oxidized phosphine for the recovery of the last 
5 part of acetic acid from the water, if acetic acid is to 
be obtained within specification, also on the other side. 

These alternative technologies for the treatment of 
the water - acetic acid mixture, achieve the objective of 
reducing the energy consumptions, but create other prob- 

10 lems due to their complexity and non-negligible costs. 
The extraction solvent is costly and generally polluting, 
like acetic acid or even more: the solvent must therefore 
be recovered from all the liquid and gaseous streams 
leaving the plant or which are recycled to the reaction. 

15 The plant is consequently considerably penalized as far 
as investment, running costs, energy consumption and la- 
bour are concerned. The cost necessary for the reintegra- 
tion of the solvent lost or degraded is also high. 

An objective of the present invention is to provide a 

20 treatment process of the mixture of water - acetic acid 
which recovers the acetic acid with a high yield and with 
a purity degree suitable for allowing it to be recycled 
to the oxidation step and which separates the water by- 
produced at a high purity, avoiding the drawbacks of the 

25 systems of the known art. 

10 
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This objective, according to the present invention, is 
achieved by means of the process according to the most 
general definition of claim 1 and for the preferred em- 
bodiments or possible variations defined in the dependant 
5 claims . 

The characteristics and advantages of the separation 
process of water from acetic acid according to the pres- 
ent invention will appear more evident from the following 
illustrative but non-limiting description, referring to 

10 its application to the oxidation of p-xylene to produce 
terephthalic acid, which represents a typical and indus- 
trially important case. 

Figure 1 shows the general block scheme of the overall 
process. Figure 2 shows the process embodiment according 

15 to the invention, in the section for the recovery of the 
acetic acid and separation of the water as by-product 
from the substantial stream of aqueous acetic acid which 
arrives from the reaction unit upstream, as illustrated 
above with reference to figure 1. 

20 In the illustrative embodiment of figure 2, the sepa- 

ration of water from acetic acid is effected in a single 
distillation column D, obtaining water and acetic acid 
regenerated under conditions compatible with the process 
requirements and environmental specif ications . The aque- 

25 ous acetic acid coming from the oxidation step is intro- 
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duced into the column through line 1. Line 1 coincides 
with line i of the block scheme of figure 1. Acetic acid 
and the extraction solvent fed to the upper part of col- 
umn D are obtained with the bottom stream of line 2. The 
5 extraction solvent typically consists of the same hydro- 
carbon to be fed as raw material to the oxidation reac- 
tion, in this case p-xylene. The stream of line 2 can 
therefore be fed directly to the oxidation reaction. Line 
2 coincides with line d of the block scheme of figure 1. 

10 The head product - consisting of vapours having a com- 

position corresponding to the heterogeneous azeotropic 
water /hydrocarbon mixture (in our case water /p-xylene) , 
which, condensed in the condenser C and de-mixed in the 
vessel V, separate into the two liquid phases which char- 

15 acterize the azeotropic mixture - is collected by means 
of line 3 from the head of column D. The organic phase is 
collected by means of line 4 and completely resent to 
column D, the heavier water phase is discharged with line 
5 and can be totally sent to the water treatment through 

20 line 6 or, alternatively, partially resent to the column 
through line 7, together with the stream of line 4, for a 
better abatement of the acetic acid. 

The hydrocarbon to be oxidized (in this illustrative 
case p-xylene) and subsequently fed to the reaction to- 

25 gether with the acetic acid of the bottom of the column, 

12 
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is fed to the head of the column, either separately 
through line 9 or, through line 8, together with one or 
more of the streams, the organic stream of line 4 and the 
aqueous stream of line 7, which converge into line 8 and 
5 which are refluxed to the column, together or separately. 
The fresh feeding stream of p-xylene in the column D 
is compatible with the material balance of the oxidation 
reactor, i.e. the quantity of p-xylene necessary as ex- 
traction solvent for the separation between water and 

10 acetic acid is lower than - or, at most, equal to - the 
quantity of p-xylene corresponding to the oxidation ca- 
pacity of the plant- The fresh p-xylene which is fed to 
the separation section before being used in the oxidation 
reaction, can be the whole amount of fresh p-xylene or 

15 only a part of it, approximately from 40 to 100%, whereas 
the complement to 100% can be introduced directly to the 
reaction step. 

In the scheme of figure 2, the hydrocarbon stream is 
refluxed to the head of column D through line 10: accord- 

20 ing to an embodiment variation of the process, it can be 
fed - completely or partially - according to the scheme 
shown in figure 2, to a few trays lower than the feeding 
of the fresh hydrocarbon from line 9, through line 11 in- 
dicated with a dotted line. 

25 In the same way, the aqueous stream refluxed into the 

13 
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column through lines 5,7, can be distributed at several 
heights of column D, for example between line 10 and 11. 

The condensation and cooling action necessary for the 
separations carried out in column D, is effected - in 
5 figure 2 - by the condenser C, situated outside the col- 
umn itself. As an alternative, this action can be prof- 
itably integrated by inducing additional cooling steps 
inside the column D. This effect can be obtained by using 
dephlegmators, i.e. cooling exchangers positioned inside 
10 the upper part of column D, preferably a few trays below 
its top. Similarly, this effect can be obtained by under- 
cooling the reflux liquid streams of lines 9,10,11. 
EXAMPLE 

Using the scheme of figure 2, 1000 kg/h of aqueous 
15 acetic acid, with a water content of 20% by weight, are 
fed in continuous to column D, operating at atmospheric 
pressure and equipped with 60 bubble cup trays. The feed- 
ing is effected at the 50 th tray starting from the head 
of the column. 507 kg/h of p-xylene are introduced onto 
20 the head tray. The head vapours are condensed by cooling 
with water and the two resulting liquid phases are col- 
lected and separated in a gravity separator. 

The organic phase is totally re-introduced onto the 
third tray of the head section, together with 40% of the 
25 aqueous phase. The remaining 60% of the aqueous phase is 
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extracted from the cycle as a head product and contains 
2060 ppm of acetic acid and 945 ppm of p-xylene. These 
amounts require decontaminating treatment, of the bio- 
logical type, for example, before discharging the aqueous 
5 phase thus separated, into the environment. The product 
of the bottom of the column consists of a stream of ace- 
tic acid with 1.52% by weight of water and 32.83% by 
weight of p-xylene: it is directly fed to the oxidation 
reactor. The head temperature is maintained at 92.5°C and 

10 the temperature at the bottom is 130°C. 

The separation process of water from acetic acid, ac- 
cording to the present invention, allows considerable ad- 
vantages with respect to the processes of the known art, 
as far as the complexity and investment of the plant are 

15 concerned as also its energy costs. These advantages are 
basically due to the fact that the process according to 
the invention does not introduce any component not inher- 
ent to the oxidation process, into the separation proc- 
ess: the extraction solvent consists of the same raw ma- 

20 terial fed to the oxidation. 

In the oxidation process which produces terephthalic 
acid starting from p-xylene, it is specifically p-xylene 
which is used as extraction solvent in the .separation of 
water from acetic acid. The same also occurs in the proc- 

25 ess relating to isophthalic acid, wherein meta-xylene is 
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used as extraction solvent, and so on. 

This allows considerable advantages. First of all, the 
presence of a hydrocarbon much more similar to acetic 
acid than to water, causes a considerable increase in the 

5 volatility a x2 of the water with respect to acetic acid. 
Acetic acid and the aromatic hydrocarbons in question are 
preferably miscible in all proportions, whereas water and 
hydrocarbons have a very narrow range of reciprocal solu- 
bility. They form minimum heterogeneous azeotropic mix- 

10 tures, in which the cl 12 value reaches values of several 
tens of units. Also under the conditions prevailing at 
the bottom of column D, with the presence of the hydro- 
carbon - p-xylene, o-xylene, m-xylene and so on - the 

relative volatility <Xi2 is increased to more than double 
15 the value with respect to the pure system of acetic 
acid/water. The recycled acetic acid consequently has a 
small amount of water under the same conditions. With the 
same quantity of residual water in the acetic acid leav- 
ing the column D and recycled to the oxidation reactor, 
20 an energy saving is, in the other hand, obtained, both 
with respect to the heat in the reboiler and cooling 
means in the condenser, accompanied by a lower overall 
investment . 

All problems present in the processes of the known 
25 art, which use foreign substances as extraction agents, 
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relating to pollution, recovery, losses and reintegration 
of the substances used in the cycle as extraction agents, 
are thus avoided. 
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CLAIMS 

1. An oxidation process of aromatic hydrocarbons, such 
as ortho-, meta- and para-xylene, pseudocumene, mesity- 
lene and their homologous products, to produce the corre- 
5 sponding acids and anhydrides, such as orthophthalic 
acid, isophthalic acid and terephthalic acid, trimellitic 
anhydride, trimesic acid, respectively, and their homolo- 
gous products, by catalytic oxidation with acetic acid as 
reaction medium, characterized in that the water which 

10 forms the by-product of the oxidation reaction is sepa- 
rated from the acetic acid, containing it in the effluent 
produced by the reaction, by means of azeotropic/ extrac- 
tive distillation, using as extraction solvent, modifier 
of the relative volatility of said components, the same 

15 aromatic hydrocarbon which is fed to the oxidation reac- 
tion, obtaining acetic acid as bottom distillation 
stream, to be recycled to the reaction together with the 
extraction solvent. 

2. The oxidation process of aromatic hydrocarbons ac- 
20 cording to claim 1, characterized in that the hydrocarbon 

which is fed to the separation section of water from ace- 
tic acid forms a part of the overall hydrocarbon fed to 
the oxidation plant. 

3. The oxidation process of aromatic hydrocarbons ac- 
25 cording to claim 2, characterized in that the hydrocarbon 

18 
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which is fed to the separation section of water from ace- 
tic acid forms 40-100% of the overall hydrocarbon fed to 
the oxidation plant. 

4 . The oxidation process of aromatic hydrocarbons ac- 
5 cording to claim 1, characterized in that the reaction 

water is separated as head product from the acetic acid 
in a column (D) , in which the hydrocarbon to be fed to 
the oxidation reaction is introduced into its upper part 
as azeotropic/extraction solvent, through line (9), ob- 

10 taining from the head of the column (D) , through line 
(3), vapours of the water/hydrocarbon azeotropic mixture 
of which, once condensed in the condenser (C) and de- 
mixed in the vessel (V) , the organic phase is totally re- 
fluxed to the column (D) with line (4), the heavier aque- 

15 ous phase is discharged with line (5), the stream of the 
bottom of the column (D) discharged with line (2) con- 
taining acetic acid together with the azeotropic/ extrac- 
tion solvent fed to the upper part of the column (D) . 

5, The oxidation process of aromatic hydrocarbons ac- 
20 cording to claim 4, characterized in that the aqueous 

phase of line (5) is partially refluxed to the column (D) 
with line (7) . 

6* The oxidation process of aromatic hydrocarbons ac- 
cording to claim 4, characterized in that the hydrocarbon 
25 stream refluxed to the head of the column (D) is fed - 
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either totally or partially - to a few trays lower than 
the feeding of the fresh hydrocarbon of line (9), through 
line (4' ) . 

7. The oxidation process of aromatic hydrocarbons ac- 
5 cording to claim 5, characterized in that the aqueous 

stream refluxed to the column (D) is distributed at vari- 
ous heights. 

8. The oxidation process of aromatic hydrocarbons ac- 
cording to claim 4, characterized in that the hydrocarbon 

10 forming the azeotropic/extraction solvent is fed to the 
column (D) through line (8), together with the refluxed 
stream of line (4), converging therein. 
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